Polarization of macrophages towards M1 phenotype by a combination of 2-deoxy-d-glucose and radiation: Implications for tumor therapy.
2-Deoxy-d-glucose (2-DG) has been found to enhance the cytotoxicity of ionizing radiation and chemotherapeutic drugs in several tumor cell lines in vitro. Systemic administration of 2-DG together with localized irradiation of the tumor leads to tumor regression and cure (disease free survival), which correlate with the differential levels of anti-tumor immunity observed in Ehrlich ascites tumor (EAT) bearing mice. Macrophages being a major player of the innate immune system, we investigated the activation status of splenic macrophages during radio-sensitization of EAT in mice as well as in peritoneal macrophages ex vivo and macrophagic cell line (Raw 264.7) in vitro. Results suggest that under in vivo conditions, the combined treatment (2-DG+radiation) restores the M1 phenotype in spleen that correlated with the tumor response. However, 2-DG neither induced significant cytotoxicity nor enhanced radiation-induced cell death in peritoneal macrophages and the macrophage cell line (Raw 264.7). Further, increased arborization and enhanced functional status (expression of MHC class II, CD80, CD86 and phagocytosis) were observed after the combined treatment. Besides this activation, the combined treatment also skewed the macrophages towards M1 phenotype as evidenced by the enhanced secretion of IL-12, IL-2, TNF-α and IFN-γ. These observations suggest that 2-DG not only preserves the survival of normal macrophages during irradiation, but also activates macrophages by polarizing towards M1 phenotype, which is known to be tumoricidal in nature. This study for the first time sheds light on a potential antitumor immune activation by 2-DG involving macrophagic stimulation during in vivo radio-sensitization of tumors, besides the other known antitumor effects of this glucose analogue.